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Electrostimulation of microbial reactions. 

(|7) A method of fermenting a substrate with a microorgan- 
lem by forming a broth oomprioing tho aubatrotc end the 
microorganism, and forming a fermentation product there- 
from characterised in that a fermentation stimulating elecrri- 
ool signal \o imposed aoreso the broth. 
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i. 

PESCRirrioN 

J!^CgROS TimJIATlOH OK fJTCTOBIAL SEACTTnvg..' ' 

Microbe reactions, i.e., fermentation, are the 
bxoloe.ir.al conversion of a feedstock, i. e . } a Su b 8trafcc 
to a metabolite, I.e., a product, V the actions of 
5 microbes. Microbe reactions are characterized by the 
growth of the microbe, and the subsequent formation of 
a metabolite product. That is, substrate is xtsed 
initially for the growth and maintenance of the microbes 
and subsequently f or both the Rrowtk ^ ef * • 

10 the microbes and for the formation of product. Product 
formation is related to the concentration ox substrate • • 
the concentration of microbes, an* the yield coefficients 
of proouct and microbes with reepect to the substrate. ■ 
Moreover, the concentration of. microbes is a function of 
15 the specific growth rate of the microbes, and the yield 
coefficient of the microbes with respect to the substrate 
Fermentation reactions are typically slow reactions. 
That is, they require l6ng residence time, i.e, high 
ratios of reaction medium volume per unix volume of 
20 production per unit time. They alao.have a long initia 
tion time. That is, metabolite product cannot be Wed' 
in large quantities until high concentrations of microbe 
arc present. Nutrient, i.e:, substrate, is initially 
utilized primarily to grow and maintain microbes, and 
25 there-after it is utilized to a greater extent to form ' 
metabolite product. 

Moreover,- the reactions, involving microbial growth 
and division, are complex. Per example, when the 
microbes ara bacteria, cell growth and division is by ' 
fission, i.e., an individual cell will double in mass 
and content of cell constituents, and then epl.it into two 
identical daughter cells. By way of contrast, yeasts 
are a class of microorganism that grow and divine by 
ouddiag. That is, a bud will grow on an individual cell 
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until it matches the site or the original cell, and /Mien 
separate,, leaving a bud ecar. Pungi grow by chain 
enlongation and branching, i.e«, with growth proceeding 
from the tip of the ngrcelium through the formation of 
5 septa between individual cells* Cell division uu*y 

require anywhere i'rom 1J? minutes -to* an hour for bacterial 
gi-ovrfch, from 45 minutes to 2 hours for yeast growth, and 
from cne to eight hours for fungi rrr Tnycp.lial. growth. 

The specific path of product synthesis, i»e„, the 

10 reaction path for the formation of the metabolite 

product from 'the oubctrato or nutrient ic not clearly 
understood for "every fermentation reaction. However, 
it io believed to depend upon microbe growth and 
Concentration, nutrient utilization, and metabolic 

15 controls . 

It' has now been found that the reaction rate of 
fermentation reactions , that is, the yield per unit time, 
unit volume, unit nutrient or substrate concentration, 
and unit microbe -concentration is enhanced by the 

20 , application of an alternating or pulsed high frequency 
electric fifclri to the reacts ran Tnfcdfh™ of jtocrobes, 
substrate, and nutrients. 

As used herein, the terms "f ermentation" , 
"fermentation reactions 1 *, and "reactions utilising 

25 fermentation techniques " include aerobic and anaerobic 
metabolic activity of a microbe or microbes in which 
chemical changes are brought about in an organic or 
inorganic substrate, and any process mediated by or 
involving microbes or microorganisms in which a product 

30 accrues. • 

As used herein, the terms "microbes", "microbe*, 
microorganisms", and "micro-organism" include prokaryotes 
and eukaryotes, "rrokaxyotes w , as used herein, means 
unicellular microorganisms, including bacteria 

35 unicellular blue-green algae. "Bukaryotes" , as used 

1 • % 
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herein, means BUlti-ceXlular microorganism , including: 
fungi, yeasts and actinomyoetcs. . As used herein, the 
terms "microbes", "m:UrobeV "wicroorcanisms" and "micro 
organism" include immobiliaed microbes and system ^ 
etruetrures of imiuubiliaed microbes as well as a ©n- 
immobilized microbes. As used herein, Lhe terms "microbes 
microbe", "microorganisms", and "microorganism" include 
both naturally occurring etrainn and artificial 
recombinant strains, 

. Fermentation reactiouo, i.e., fungus, yeast, -actin- 
omycotes, and' bacterial fermentation reactions are 
Utilized industrially. Fermentation reactions are capable 
• of wader industrial ' use. based upon raw material avail- 

usage, and increased 

15 reaction rates. 
• 

According to the invention described heroin, any 
. or all of - the reaction rate, the innoculua build up, or 
efficiency of conversion are increased by electrical 
stimulation; Electrical stimulation. may be utilized to 
reduot* the time .reguired tfo carry out the' reaction or to 
increase the productivity of a given unit of production 
that is to increase the number or batches that can be 
fermented in a given ' reaction vcds el. 

•BT electrical stimulation is meant the application 
25- of a pulsed or alternating high frequency electric 

•. signal- field 'across the broth whereby to pass an electrical 
current through the broth, e.g., by inserting electrodes 
- . in the broth, under conditions which increase the rate 

of the microbial reaction, . while substantially avoiding 
50 significant destruction of the micro-organisms, e.g., 
fungi, bacteria, yeasts or actinomycetea, the reactants 
• e.g., rue substrate, or the products. ' 
• It has been found that a frequency of from about 1 
kilohertz to about lOOO kiloherts is partioulorly 
35 satisf aotory in carrying out the method of this invention. 



20 
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USie electrical stimulation electrical current 
may. "be an alternating current or pulsed direct current. 
It should have a frequency of from- about 1 kiloherfcz 
tu about 1000 kiluhta*fcs t altkuuieji Xx*«iiuencies- below . 
5 about 10 megaherta. may be used as v«ll as frequencies 
above about 0.1 kilohertz with .so joe . increases in yield. 
However , care should "be taken e*g, "by using a frequency 
, • above about 0.1 "kiloherts, to avoid large .amounts of 
electrolysis occurring within the -reaction Tnediinc at 

10 low frequencies. . 

The method of this .invention may advantageously be 
carried out at various ranges of the electrolytic 
variables, i..e. f electrode area, inter-electrod.e spacing, 
inter-elcctrodc volume! current, current density, 

15 current per unit inter-eleotrode volume, current .per 
unit broth volume, vpltage, voltage .per unit inter- 
electrode spacing, power per unit iJiter- electrode volume* 
power per unit broth volume, and. frequency 

for example, the method of this invention has b&exi 

20 * carried out utilizing Saccharomyrtes cp.rvi sjae to ferment 
glucose at currents per unit inter electrode, vblume of 
from about 1 x 10~2 .milliamperes per cubic centimeter 
to about 50 x 10"'. milliampcres per oubio centimeter of 
inter-electrode volume, at currents per unit broth 

25 volume of from -about 1 x 10""* milliainperes per cubic- 
centimeter to. about 50 x 10"* loillieunperes' per cubio 
centimeter of broth, current densities of about 2 x 10 
\ milliamperes pex* :»quax % e* c^ntiuieter to .5 x 10* niilli- 
smperes per square cexftimeter of 'electrode area, voltage 

5p fluxes of 0.1 to 3 millivolts per -cent imeter of inter-p 

electrode space, ri-nter elect rode power dissipations of 0.2 

.x 10"? watts per cubic centimeter, -to 6 x 1Q~? watte per 

cubic centimeter of* interelectrode volume and broth- 

ft 

power dissipations bf 0.2. x 10"° watts per cubic ccuti- 
55. meter of broth volume to 8 x- 10"" 8 watts . per cubic 

i 
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centimeter of broth volume. Elect ruly bio variables, i e 
currents, voltages, and power dissipations, and producta" 
*nd quotients thereof, outside Uhe above ranges may be 
utilized aa long as care is taken, by avoiding simultan-' 
5 ecus astomer of the ranges to avoid destruction of the 
microbes . 

According to one exemplification of the method 
- herein contemplated, a reaction medium of a hexose 

e.g., glucose, other nutrients, and a yeast, Saccharcmv^ 
™ cerevxsiae is- provided. A pair D f electrodes arc spaced 
aoout a to about ? centimeters from each other within 
the broth, and an electrical current at a current density 
of about 0.1 to about O.J milliamperes per square 
centimeter of electrode area is massed through the 
15 reaction medium at a frequency of about 100 JLLlohertz to 
. about 1000 kilohertz. m this way, the yield of product 
per unit of substrate per unit time is increased -by 
about 15 to about 20 percent compound with the result 
without electrical stimulation. 
20 According to an alternative exemplification of the 

method of this invention, » reaction broth of a 
. bacterium- cuch as Baci^^p^^ or Bacillus ligheni- 

formis, and glucose are prepay. (Ehe fermentation 

reaction is then carried out while an aUexnating current 
having a frequency of about 1 fcLlohertz to" about 1000 
tLLohertz, an imposed voltage signal sufficient lo provl<le 
- . a current of 1 x 10-3 .UU^, per cubift 

of interelectrode volume and lo" 3 - to 5 milliampers per 
liter of oelution is imposed across the broth. <fhe 
^0 resulting production rate of butane diol io increased 
- by about 20 percent compared with the result without 
electrical stimulation. 

She method of electrostimulated fermentation herein 
described is useful with single cell blue-green algae, 
55- bacteria, yeasts, and actinomyceles. Suitable yeasts 
are for exanple, beker's y east end brewer'* yeaet, i.e. 
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single cell yeaet of the SaccharoTnycoS djcae group f as 

exemplified by Baccharozgyces • oerevisiae. * 

CDhe method of clcctro3timulared fermentation is 

useful with various feedstocks. Exemplary -^pb various 

5 carbohydrate substrates.' By oarbohydratcs vre mean for 

example polybydioxy alkeliydes, polynydro^y ketones f and 

substances that yield polyhydroxy aldehydes or poly- 

bydxuxy i-eloxaes .upon bydrolysiB lor sac clarification. 

Exemplary carbohydrates, are sugars j i.e. '.caochoridee. 

10 The saccharides useful in Lhe method of this . invention 

may be monosaccharides, . i.e. * carbohydratee incapable of 

further hydrolysis,, or* polysaccharides, i.e*. carbohydrates . 

that yie^d monosaccharides upon hydrolysis cay caccbsr-r 

« * * * 

if icatlou. Hat orally wucojlu-Ilik ^icchiirideB useful bjq 

1$ substrates in the methods- of this invention include 
heptoses, hescoses, pentoses, tetroses, trioae 3 homo- 
polysaccharodfts thereof, and. hetsropolys^ccharides thereof., 
Exemplary hexos £3 include glucose, fructose y matmose^ 
galactose, and the fructose-glucose, dissacharide, sucrose. 

20 Exemplary p ent do ec include. CLrabinosci' ariose ribose, end 
apiose. Exemplary polysaccharides .include sucrose, 
mentioned above, maltose, lactone, \raffinosc, ctarch, 
glyuy^eit, cellulose , pectins, chitin, inulin, agar, 
hemic elluloses, ylant gums and mucilages r • and i Trvmnn o— 

E5 polysaccharides. By carbuty draLes * we- c&so mean sugar 
alcohols, e.g. sorbitol, m^nnitol, glactitol, op. the 
inositols. Industrial sources of carbohydrate include, 
by way of exemplification manure, cellulosic -wastes, 
molasses, whey, sugar, grain staroHec, and byproduct 

30. carbohydrates. .Suitable grain starches 'include by way 
of exemplification corn, com stover, \?hcat, barley, 
straw,' and bagasse. 

Amino acids m«*y be utilised fes ' substrates for 
f exiueulalluxi Lype i'eaclioiis* They may.. be recovered as 

55 products of fermentation type reactions, or they may be 
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intermediates, produced in one fomentation t™ 
reaction as a substrate r„ a Sttl)aeOTent: r . raeatllti()0 " 
reaction. Exemplary alpae-amino acids- include glycine 
alanxne, va liD0 , leuclae , iaole „ £££ 

5 eyet.xue, cystine. me th i6 nine, phe^lalanine t^osxnT' 
£olxme txyptoph^, lysim., ax.inine, hi s*idin. ^srtie 
acid, and Klnteaic aoid . ^ aWe J 

.-• intended to be exemplary. and not exelusionaxy. 

Other substrates „ hicb . w be utilia<sd 

oartooyclxc hydrocarbons, ana heterocyclic hydrocarbons 
As need herein, hydrocarbons iu„ taae . substxta^ed £drT 
eerbene, e.g. bal„ Ke meted hydrocarbons , and hydrocarbons 

1S ?" fUm>ti ° Ml «""»■. ••«• alcohol, • 

!r°'. acld - «— . emidir.e, H -axkyi 

ketxnxnc, thiol, thio ether, disulfide, thio acid ' 
dithioacld. thio aTdehyde, thio ketone, sulfonic.,' 

Sfa" f°~'^*-*<>. phosphate, orthocaxionate. 
• • carbamate, carbamide Cinelne^ 

urea) i^alkyluroa, o-alkylurea, cyennte, isoeyanate, 
carboixxmide, .amthote, thiocarbamate, thiocyanata, 
xoothxoeyanate, diasoate, or die.ocyamida groups. 

^ n M " * dilute pollutant, and ia • 

degraded or .metabolic to a non-polluting product ■ 
. . • me method of electroetimulat.d fermentation mey 

be utxlls.d with both aerobic and anaerobic fermentations 
30 ind t f ioxmen tatiom in neeful to 
■ Tt ' »««*»««•« "y product that cam be 

produced by feraeutaMon techniques, ae deecribed 
herexmabove. Jlhe oc ptoducts rollov ^ 
enumeration ie exemplary and not exclusionary: aSl^ 
bxot.ee , ors^c eolventa, ftr-^JSl, e.L 
35 butanol,. B ,hauol, and a^l alcohole, ketones e.g. £ tone . 
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gases, e.g. carbon dioxide and hydrogen* beverages, e.g. 
•wines, beers and. TiauoTS; foods , e.g. cheeses, ferment ed 
milks* pickles, sauerkraut, soy sauce, yeast, vinegax\ and 
mushrooms; flavoring agents e^g. ' monosodium glutamate; 
5 organic acids and hydroxy acids e.g. lactic acid, acetic 
acid, citr5c acid, gluconic acid, "butyric acid, fumaric 
acid, and itacoaic acids glycerol; 'amino acids, e.g. 
1^ glutamic acid and Ir- lysine; steroids; organic trans- 
formations, including steroid, alkaloid, and antibiotic 

10 transforations ; yeasts, including food yeasts and 

an-imal feed yeaats, legume innoculants 5 peetioides, e.g. 
microbial and bacterial pesticides; vitamins and growth 
stimulants 1 e.g. vitamin B 12 vitamin A, riboflavin and 
gibberalkines ; enzymes including amylases, proteolytic 

15 enzymes, peetinases, inverxiases, . and cellulases, inter 
alia; fats; fatty acids; alculiulsi fuels; axul liyd-L'u- 
carboas. 

The electrostimulation method herein contemplated* 
may also be used for the control or destruction of 

20 - deleterious substances, e.g., pollutants, and aqueous 
dispersions, r?u^pe.nc5onk and solutions of hydrocarbons 
ox baloc&rbons, including polymers thereof. 

While the electrostimulate fermentation method 
described herein above ie useful with, various microbes 

25 in various fermentation reactions, the method of this 

" invention may be exemplified by the Weizmann Process for 
the bacterial fermentation of starch to. yield n-butyl 
alcohol, ethyl alcohol, and aceton*; thfc prrorhiction of 

* - ethyl alcohol by the use of Bhizopus fomoeaensi s, 

50 SaccT\aroTnyoes cervisae , Saccharomyces uvarium , ot» 

Aspergillus foetiduo ; the production of acotio aoid 
utilizing Acctobactel alcoholophilus , Lactobacillus 
plantcsrvm , or Polyporuo palustri3 ; the production of 
acetone utilizing Olostridiums ; the production of butanol 

35 utilising Cloatridiums ; the production of glycerol 
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tto paction of acetic aciu ^ IS^S^S^' 

aatta,^,^ utllilills axza^a^^ 
aiBSSthgpcrUa cn^omtl^ or Penicillin jj^ndi^, 
the promotion of antibiotico utHHI^ Szssoofil^' 

20 aagtagg, Bacilli ^ „ w< _ „ 

the production ox X^Z^oL l^' 

■Bacillu s licfrgni frmrr. q Bap-m*,,* 

|iZ^S».J 22 l H2 tr ia , _«» production or Setose ££££ 
w iuoiiuction oi gluconic acid using 
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Aspergillus cajbonarius . or ' Penioillum chry sonrerium; the. 
production' of glucose utilizing. Trichod&ma lonKibrach^ 
iaturc ; the production > of p-hydxoxy hensaidehyde using 
O accharomycea *atic: the production of singl* cell 
5 proteins ut5.lir.inff Arthrohactcr petrolcophapia ,, 

Arthrobacter rub ellus , ArtWoba'yjlgr . . AsperprilJus fumig- 
atue, Qe L J u ] nmonas cartelyticuia , Coiyncbact erium fvxgi- 
. • pkcmse , iQuyarom yoes fr agilis morehella crassipe . TTyao- 
bact erium curasrinjm' , >frcoobacteriufiL petrolcophiluia % or 
10 Kbonrdic. neoopaca , and the production of xenthan gum 
using, e.g. f Xantha-moTias c.ampestris » The method of 
electrostimulated fermentation lus^y he used 'In the 
fermentation of substrains, to obtain .i^taaiins, anti- 
hiot ios , and enzymes • 0 
1-5 EL ectro stimulated fermentation also finds utility 

in microbial cellulose digestion, e.g., with Po lyauKium 
cellulosum ; cleaning: metallic surfaces e^g. f - with * 
TOiiob*cillus f errooxidans. qr {Dhiohkoillus thiooxids ns ; 
degradation of cellulose; degradation of cyanides in 
20 waste water, e^g. , with Bacillus subtilio . Ooxyxicbaot erium. 
or Hbcardja_rubrop ex^t inct a ; . degradation. p£ 'ethylene 
glyaol with unidentified bacterium, ATCC 270'l2j degradation 
of chlorinated phenol fungicides ; -degradation of systemic 
fungicides , e.g. , with 101X2 opus japnnicus : degradation 
25 of hydro oarbono, c%s. r with- -Ajspe rgillus Veraicolor . 

Brettanomyoes petrophilum ^ Candida ' p et t ophilum: , Candida 
tropicalis , Claelosporiua resinae t Cj^nin ghameila 
elevens, Eapenicillium zonatum- . SaccharogycapnrAs lipulp- 
ti£a, or floralopsis pgtrophilunx ; ' degradation of Qet fuel, 
30 e.g., with Acr e moniuiu . strie L urn . Alterna-rla- altemata . 
Aspergillus fami gata^ T or Cladosporium reginae ; " 
degradation of methanol, e..g. , with Hansenula- polymorpha i 
degradation or ni.tr.iles in' waste water, *»g,V with 
Aloaligenes vi solaccia T Nocardi a ru bru p I inct a or 
55 Ba cillus suhtilis ; . risgradsrtion of petroleum, e«,g. with 
Aspergil lus aureohagid'ium t Candida p arapsilgsis , ' Candida 
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Kyrotheoium vgr rucaria, Kocardia ao^Ti^, , jgg^ 

filvuerula , Wocaglia opain, gooa rdia paraffins 
rubra, r^ciUiuja, ^ototheca, Rhodotcrlm . Saccharo- " 
5 pyoee caTHTisiae , or SgocWogycosgig lipoi^i^ — 
degradation of phenol, e.g., wit:!, Glos OJ3 oru3 dic hroua 

or Ehod«torula glutixn>, ; the degradation or wood.: 

^ phosphate removal in 3ewa ge treatment, e.g, with 
Chrysospoyrium pannorum, Grootriobn m candid^ . nucar 
10 hiemalio, and fteoUumro,, earners, water pollution 
control, e.g., with modotoru^iutinis and T.-icho- 
thegxum rose um; ' and the production of dextrans by the 
fermentation of «.««•., 0 . s ., vrf.tb I^n OS t H «_ m esent-. 
g^xdee «^ Bgbssoccg a^gabigo gargus; aWcf the production 
15 of xmnrunopolysaccharid.es. 

Ihe following examples are illustrative t 

EZfl.riP.OE i 

Eleotrostimulated and conventional fomentations 
were carried out in a hatch reactor. ' 
20 Shm reaction broth wae propped by placing 1 5 00 

mxllxlitere of distilled water in a sterilized 3 u t »- 
. Carbohydrates, water and nutrients were added 

to the beaker in the following Quantities: 
Glucose 220 BrGms 

• • : , 3' grams 

- . (K%) 2 50 4 6 grams 

' 0.4 grams 

"Diytilled Water to make 2 lifero 

„i fc .* l "~ f *~« a 200 »mil"er portion of the glucose 
aolutxon was placed in a sterilized container and 14 
grams of Pleiechmann.e Baker's Teast, Succharomyces 
o^revisae, wa6 added theret£} ^ stia?red ~ ^ 

, The yeast-glucose slurry was divided into two egual 
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portions of 100 millilitcro each and put" into' two 'i liter 
sterilized resin kettles * To each or the divided yeast- 
glucoas slurries were added- 2.1 grama of com meal, and 
700 milliliters of the glucose solution. . 

The outlets '"of "both reactors were connected to 
wet test meters to measure the gas produced.' One reactor 
was r un without eleotri'oal stimulation. " 

The other reactor had an electrode pai:r of two 
4 square inch stainless steel electrodes, 4' centimeters 
apart - . A si^ual generator was utilised to. generate a 
300 kiloherta, sine wave, voltage signal; • A $0 mllivolt 
signal caused a current of 1.5 milliamperes to flow. 

Eight simultaneous,, side-fcy-side runs were made, 
with one reactor, having electriea+ stimulation and the 
other reactor "being unstimulated. 

The results shown in Table I, oeiow» were obtained; 

TABUS I • ' . 

COHEaKESOIT OP ELEX3TE0-STIMDIJLTED PEEMTWP A TIPS' WITH 
CONVEHTIOHAL I'EKMBNTATIOIT 



Length 
or iftin 

26.5 . 

•is 

22 

47-5 
23-4 

27 

43.4 
25-5 



Curr ent 
Onilli- 
ampejres) 

1.25 • 

i.25 

1-5 

1-5: 

.?^2J> 

2.5 
1-5 -6.1 

2.25-6.5 



Moles of 
E tliauoi- 

{.gel cnro- » • 
ipa-t o graphic ) 

. 0.476 
." 0.506 

. :o.56i 

0.967 * 
0.R4O " 
0.420 . 

. 1-14 

. 0.715 ' ' 



Moles of 
Ethanol- 
Unst ixiula-faed 
(,ge.< p.hro_- 
mat o graphic^ 

0.456 

V 6.475 

0.469 
0.930 

D.855 
• 0.390 
1 .16 : 
0.707 ' 



TRAMPLE II ' ; 

Electrosfciaulated fermentation was carried out in 

35 a batch reactor to determine the effect of current and 
fre<pj.«ncy. • 
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<Che reaction broth was prepared oy placing one 
liter oX distilled water ±* a s toril iee d beaker 
Carbohydrates, vater and nutrient were added to tbe 
beaker in the following quantities; 
5 Sucroec 100 graas/ii^'. 

• 1.5 grams/liter 

(E%) 2 S0 4 3*1 grams/liter • 

E2EP0 4 grams/liter 

nu Distilled water ■ 

1.2 liters cf the solrt.-i.on were placed in a 1.5 1±tMr 
reein kettle. 

Thereafter, 7.0 grams of Fleiscbmann's dried Baker'o 
Yeast, saecharomyces oerevioiae, was poured on top of tne 
15 reaction broth. The reactor was then closed, with B as 

venting through a water seal bubbler. The mucture was ' 
allowed to stand Tor 18 hours. 

hereafter, at 24 hour intervals, the slurry was 
removed from the reactor by aspiration and filtered to 
20 recover the yeast cake. Che yeast cake was added to 1 O 
• liter of fresh reaction broth and returned to the kettle 
vhich was sealed, with « vent to a burette of 1 pexcea t 
sulfuric aoid and ati^ed for 5 minutes. 

y« ' + ^ tW ° ^ ESS VOlUm6 * eadi *Ss were token 

at one half hour intervals, and used to calculate a 
. base gas evolution rate, So. Thereafter, electrical 

stimulation was commenced. W'gua volume readings were 
taken at half hour intervals beginning one nonr after 
electrical stimulation, and ueod to calculate a test • 
evolution rate, ^ • Iox . iLjs fermentation with electro- 
stimulation, is the gas evolution rate. ft* the 
fermentation without electrostimulation, a. is the gas 
evolution rate measured simultaneously with and calculated 
in the same way as the- gas evolution rate lor electro- * 
stimulation. ■ After three hours of electrical stimulation 
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the current wa3 turned off for- 19 hours , and then 
reaction slurry removed as described above, 

Kaon electrode was a nickel wire, 0.63 millimeters 
diameter, spiraled twice around a four inch ClO cm) lone, 
5 5 millimeter diameter glass rod. The electrodes were 
opaocd 6.5 to 7»0 centimeters apart. Voltage was 
provided by a uynascan 5010 function generator. 

The effect of applied electrical field was as shown 
in Table IT below: 

10 TABEE II 

EFFECT OF APPLIED CUKBEHT (AO? 100 KILOHEETZ) 
UN «AS TCVHIffPIDN • 

(lL/Eo)with 

Current (R-/P0) (Bm/Ro) currant 

-15 . (milli- (without (with (iL/iio) without 

amp ere c ) current j cur rent) current > 

0.15 1-05 1.15 1.10 

0.15 0.92 1.02 l.ll 

1.5 • l-oi 1.13 i.:«2 

20 1.5 ; 0.98' 1.17 1.19 

-. The ef foot of frequency wu3 as shown in Table III 
below: 

• ' T?ftBT;s HI 

EFFECT OF FPEQDEITCX (AT 0.15 MILLIAMEEEES) 
25 .'- : • OCT GAS BVOIBTION ■ 

(Pj/Ro) - . (Pj/Po) (Pj/Po) with 

■frequency (without (with rTr — -jS^S^*. 
(kiloherxz ) current,) current) • ^V^J w *™™t 
' ' current 

50 10 0.85 0.92 1.11 

100 1.05 1.15 1.10 • 

100 0.92 1.02 1.11 

EXAMPLK TTT 

Fermentation of glucose with s.cervieiae was carried 
55 out with and without electrical stimulation. 
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20 



50 



15- 



40 



A broth was prepared containing 220 grama of 
gncooc, 7 .5 grams or S^ceravisae, .10 grams of „ „ 

1 gram of H5 ao 41 and 0.04 grains of CaCL, 3 dLtille, 
water to make two liters. - ^ «M*Mled 

She broth was divided Sato two portions and pieced 
. in Sterilised resin kettles; 'Bckh k+i . i P la «ed 
^„ . . . °* iiotn kettles were stirred 

continuously with a magnetic stirrer. One kettle 
intended *or el Bct roetimulation, had an electrode pai. 
each electrode was a 0.63 milium dimeter nickel 
wire spiled twice aronnd a W inch (10 ^3 ' 
kilometer diameter, s las B rod .. ^ ^^i^J 
spaced 6-5 to y.o millimeters apa *t. ' 

She fexment^tion w*a carried, out at 30 degr^s 

W sil^ Se l Crate " 300 fctUfl «*». * ^Hivolt, si ne 
wave sxgnal. The resets shovn helow were obtained- 



g.OEEyTgl AE FEKTCENTATlOir 
Igg GLUCOSE 

WITHOUT 
• ELECTRICAL 
SIHmJIAT*TOTir 



• PREQTJENCY 
CURRENT • 

INITIAL XEAST (6HAMB/ 
LITER) 

PINAL YEAST (GEARS/ " 

LITER) 
HJITIA.L GLUCOSE (GRAMS/ 

LITER) 
PINAT, GLUCOHE • (GRAMS/ 

• LITER) 

T7JITIAL AXC0I70L (GRAMS/LITER) 
PIHAL ALCOHOL (GRAMS/LITER) 
GRAMS OP YEAST/GRAMS OP 
GLUCOSK-HOUR 

GRAMS OP ALCOHOL/GRAMS 
. OP GLUCOSE-HOUR 

GRAMS OP ALCOHOL/GRAMS 
. OP YEk&V (.tflML) 



3.4 
8.8 
108. 9 

^3.0 



WITH 

ELECTRICAL 
STIM ULATTQTT 

300 kiloherts 

1-5 friilliamperes 

3.3 



9-3 ■ 
10S.3 

<0.20 
.. 0.8 
54.4 



2.18 x 1Q-5 . 2.83 x 10-3 



.71 x-10 
4.87 



,-2 



2,18 x 10" 
5-72 
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16. 

VKTJ, COUMD OP 200 SQUftJRES (three pipette samples pex> 
kettle) • 

SAMPLE 1 660 865 

SAMPLE 2 739 ggt, 

5 SAMPLE 3 632 804 

MEAN . 677 8$$ 

"RANGE 107 91 

STANMHD DEVIATION 63 53 

PEKOEf-l'l' KTTtifl TITE 

10 BTA1TMKD DEVIATION 9.3 6.2 

nUFEBENCE IN MEANS 178 



+• 2 ~ 4.7 

26 4 7# EEIATIVE 



• (at 1 standard deviation 
1*5 (6 1 is the stranded - level) 

' deviation and n^ is the 
number of replications). 

The student's "t" test was applied lo the cell J 
counts. A Qt or 3-79 with a probability of 0.02 was . i 

20 obtained. Ihat io, the probability* that random errors I 
would result In Ihe 26# relative difference observed 
was less than 2 percent, 

TOTANPIiE IV 

A series of tests were conducted to oompare 
25 electrostiiiiulaltJd fez-mentation "with conventional 

"I'emRTitation. For each test a simple nutrient eolution 
was prepared. A portion of the nutrient solution was 
.withdrawn to tna3re a yeast solution. The remainder of 
the nutrient solution was* divided into two equal 
50 portions dnd placed into two identical laboratory 
ferment ere. Both fermentere had on electrode pair. 
3 l leisclllIIaJlIi , - Baker's Yeast, Saccharomyces cervisiae . was 
slurried in the remainder of the oingle nutrient 
solution. The nutrient solution, containing the yeast, 
55 was divided in half. Each half was placed into one of 

the two identical laboratory fermenters. A voltage i 
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1 7- 

signal was applied across one" solution oiily of the pair 
Solution s«mpl e3 were oinultaneously taken from botn ' 
oolutions of the pair. Differences between the two 
xaxmentatioas of a pair were attributed to eloctro- 

5 cumulation, while differences between sets of pairs of 
fermentations were attributed to conditions of the 
nutrient and innoculum solutions prior to oomencW 

. the tests. • 

Por each f ennentation a resin kettle f ermenter was 
10 usPd. 0!he resin kettle fermenter had an inside dialer 
. - of 10 centners, a depth" of !>• centimeters, and was 

sealed on top. Each rccin kettle f ermenter had a sample 
probe, a pH probe, a mechanical stirrer, a sodium hydroxide 
inlet, a gas outlet, and an electrode pair. The 
1.5 electrodes were a pair of two inch (5 cm) *y tvo inch 
, (5 cm) stainless steel plate electrodeo opaoed two inches 
(5 on) apart. 

A glucose solution was prepared by adding in order- 
Glucose • 3,0 220 

20 . ^4 01 10 grams 

ua £ HPO v 7^0 22 grams 

. • KH ^ P0 * 12 Ki-am 

^ a0 Mr . 1 gram 

' . ' ' CaC1 2 ' • 0.04 graan 

25 1J 2° • "to make 2 liters 

!Dhe gluoooc eolution was bulled, and the pii was 
. adjusted to pH— 5 with H^KJ^. 

A yeast slurry was prepared by withdrawing 200 
milliliters of the glucose solution, *nd stirring 3 G 
grams of Jleiscbmann 1 s Baker'c Yeast Sa ccharoses s 
^gp-^j-siae into the nutrient. * 

Kach test was commenced by dividing the nutrient 
solution into two 300 milliliter- portions and placing 
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OTip. portion of the hutrient solution into cdeh reaia 
kettle femaeafcer. . Thereafter the slurry -61 yaast and 
.nutrient was divided into tvo 1O0' milliliter portions. 
One portion or the yeast-iirrtrieut -slurry was added to 
each of th«? resin kettles. 

The resin kettles were maintained at ; a temperature 
of JO degrees Ceritignada "by iamercibn ia. a water hath. 
The pH was maiiitaJLuud Wfcween pH 4.7 and pH 5.2 hy 
addition o£ aqueous UaOH. Th eadh run. a* 300' kiloherta, 
1.5 millianipere, 50 jnilli^ulL signal was* applied, across 
the electrode pair in one kettle. 'JTo: Signal wag applied 
to the electrode pair in the other kffttle. " 

'i'iie i'ollnwrng .results were ohtainedt 
S et 1 r ' \ 

TTO CUSBSlfj; GUBKEN'J 



EIAPSSD 
TIHB 



Ethyl 
Alconol 



Mucosa 



Ethyl- 



20 (hours) 


(grms/ 


Cgxms/ 


(grms/ 


liter) 


• . liter) 


.-. liter) 


1.25 


l.l? 


98 • 


•?2 


• ' 3 


1.87 


96 • 


' 1.95' : 


6 


5-28 


78 * 


5-72 


25 


' 31.8 ' ' 


■ <6.25 


.40.4. 



Glucose 

Cgl'iUS/ 

liter) 
100 
98. 

79 
<0.25 



Pinal Yeast 
(gnus/liter) 

,3et 2 
EIAP3ED 



2.5*' 



HOOUREENT 



2.63 



-CURREHT 



(hours) 


Ethyl .' 
Alcohol 


Glucose ' 
(grms/ 
.liter).' 


' Ethyl 
Alcohol 

(grms/. ' 
liter) 


Glucose 

CgTTOR/ 

liter) 


1 


0.69 . 


* 98 ' 


0.09 • 


103 


2 


0:53 ■ 


•85 . 


0.7.1 


98 


4.5 • 


2.7 




•2.2 


• 76 * 




5.6 • 




6.9 " 


64 


28 . 


40.2 


<0.25 • 


•• 57.0 


'<0.25 



Pi nal Yeas-c 
(gnas/liter) 



0.466 



0.504 
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Set 3 

EIATSED 
TIME 



_(hOlirs) 

1 

3 

4.5 

6 

22.5 

Pinal Yeast 
(grow/liter) 

Set a- . 
TINE 



19- 
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Ethyl 
ATeohol 

liter ") 
3-0 

0.5 

22.9 

57.9 



Glucose 

(gnng/ 

liter) 

87 
87 
40 
19 
<0.25 



9.0 



1 

2 • 
4 

G 

7 
8 

9 
2'1 

Pinal Teast 
CgaaasAiter) 



Ethyl 
. Alcohol 
(gnus/ 
liber) 

0-7 

2.9 

3.1 

5.2 
11.6 
IS. 7 
24.8 

31.9 

41.7 

4G.0 

8,9 



Glucose 
liter) 

10.3 

98 

84 

78 

GO 
0 0.2 

.3 



C0.25 



CUKBEM' 



Jfchyl 
Alcohol 

3.5 
11.0 
28.0 
37-0 
40.7 



'Glucose 

■liter ) 
88 

70 
45 
19 
<0.25 



9.8 



CUKBEKT 



Ethyl 
Alcohol 

liter) 
0.6 

5 

3.4 

5.4 
10.5 
19.9 
27.1 
32.0 
51.0 
56-6 



Glucose 

Cgrms/ 

liter) 

110 

95 
92 
'62 
62 
10.3 
-3 



<0.25 



9.6 
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Fj-nal roast 
(gims/liter) 



9-9 





E1APSED 


NO CUHEEHT 


CUKREET 

t 


5 




Ethyl 
Alcohol 
f etnas/ 
liter) 


Glucose 

(grme/ 

liter) 


Ethyl 
Alcohol 

liter) 


Glucose 

(gm3/ 

liter) 




l 


1-0 


109 


. 1-1 


10? 


• 


2 


2.0 


SO 


2.8 


97 


10 


5 




81 


5-1 


83 




4 


9.5 


80 


8.0 


80 




5 


17-0 


70 


17-5 


69 




6 


19.1 


54 


17-7 


56 




? 


21.7 


35 ' 


24.0 


39 


15 


8 


22.4 


21 


37-1 


27 . 




41.4 


• 4 


46.9 


<0.25 



ao.5 



• 9 While the invention/ has "been described vith respect 
20 to certain exemplifications and embodiments , tiaat is 
with respect to certain microbes, i.e., bacteria, 
actinomycetea, Tnngi. , and yeasts, certain substrates, 
i.e., hydrocarbons, and carbohydrates, and certain 
products, it is not to "be so limited, except as in the 
25 cloinc appended hereto. 
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T. A method of fermenting a substrate with, a 
microorganism by xoralng a broth comprising the substrate i 
and the. microorganism, and forming .a fermentation product • 
5 therefrom characterised- in. that a fermentation etimulat- ? 

ing electrical signal ..is imposed across the broth, 
-* " . 2. A method according to claim 1 characterised 

in that the microorganism io yeast, actinomyeetes , 
bacteria, or. unicellular blue-green. algae. 

3. A. method according to claim 2 characterised 
in that the. yeast is a SaccHaromyoideae or a HaPeha^- 
omyces cerc-jsiae . 

" • 4« A method according to <yig-tm \ a y> or 5 
• -.characterised in that the Bubstratc is a' carbohydrate, 
15 hydrocarbon or amino acid 0 

5. A method according to olain 4 characterised 
in "that the carbohydrate is glucose, fructose or 
mannoee. 

6. A method a'ccurdinR to claim 4 characterised 
20 in that the carbohydrate is a polysaccharide. 

7c A method according to any of claims 1 to 

6 characterised in that the electrical signal is 
an alternating current signal or a pulsed direct 

• * current signal. 
2 5 8. A method according to any of claims 1 to 7 

eharacterised in that the electrical signal has a 
frequency of 0,1 kilohert.3 to 10 megahertz. 

9. - A method according to any of claims 1 to 

7 vherein the electrical signal has a frequency of 
•30 1 kilohertz- to J 000 Idiohertzo 

10. A method according to any of olaimc 1 to 
9 characterised in that the current per unit or inter- 
electrode volume is 'from 1 x 10~ 3 to 30 x 10^ milli- 
umperetj per cubic centimeter, 
51* 11.- A method according to any- of claims 1 to 10 

characterised- in that the current per unit of broth is 
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from 1 x 10~ 4 to 50 x 10*** mill 1 amperes per cable 
contimetor. 

12. A method according "to any of claims 1 to 11 

characterised in that the current density ie from 2 x 

—2 —2 

5 10 to 50 as 10 millituupertsa per square centimeters • 

15 d A method anr.nrfl irj.- to any of claims 1. to 12 
chorafctcrioed in that the voltage flux is 0*1 to 5 
millivolt a per cervbi meter • 

14o A method according to eny of claJ um 1 to 13 
10 ' char act er ised in that the interelectrode power diesipat- 
ion io from 0*2 x 10 1 io 6 ^ 10 ' watts per cable 
centimeter of inter electrode volume* . 

■ 15o A method according to any of claims 1 to 14 
• characterised in that the broth power dissipation is 
1.5" from 0 o 2 x 10 to 8 x 10 watts per. cubic centimeter 
of hrotho 
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